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Abstract— The detection of coliform bacteria which contain 
the disease-causing microorganism is a useful indication for 
water contamination. Currently, the emerging of technology in 
molecular biology research and industry is in demand for 
portable and miniaturized system. This paper demonstrates 
the development and integration of microfluidic and optical 
absorbance measurement device for portable coliform bacteria 
detection. The microfluidic device was fabricated with glass 
and polydimethylsiloxane (PDMS) material using photolithog-
raphy, replica molding (soft lithography), and oxygen plasma 
bonding techniques. Then, the optical absorbance measure-
ment device for coliform bacteria detection was developed 
using 470 nm blue light emitting diode (LED), photo detector, 
ARDUINO microcontroller, liquid crystal display (LCD), and 
mechanical elements. The coliform bacteria suspension sample 
was inserted into the microfluidic device and the presence of 
coliform bacteria was analyzed using the developed optical 
absorbance measurement device. The absorbance measure-
ment from the prototype and colony number of the coliform 
bacteria samples were collected and analyzed. The final analy-
sis had indicated that the developed prototype was able to 
detect the coliform bacteria in suspension at the lowest detec-
tion of 17,200 CFU/ml. 
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I. INTRODUCTION  
Bacteria monitoring and detection are important for di-
agnosis and therapy of infectious disease, as well as for 
countermeasure to potential biological threats. Infectious 
bacteria in water have been categorized as a considerable 
threat to global health. The established finding for coliform 
bacteria in water includes the total coliforms, fecal coli-
forms, and Escherichia coli (E. coli) [1]. The detection of 
coliform bacteria is very helpful as indication of water con-
tamination, which may contain many dangerous microor-
ganisms [2]. Microorganisms are primary reasons for the 
infectious diseases. Therefore, the concentration of harmful 
bacteria should be routinely monitored to maintain the qual-
ity of water. Along with the importance of bacteria analysis, 
suitable detection system is required for point of care (POC) 
devices. Over the past years, much advancement and tech-
nology had been investigated and applied for improving the 
detection and analysis of bacteria. A portable and miniatur-
ized system is believed to be beneficial for faster bacteria 
analysis.  
This work aimed at developing microfluidic-based de-
vice for miniaturizing the analytical instrumentation and 
methodology in bacteria detection from contaminated water. 
Microfluidic is a rapidly expanding scientific discipline 
which deals with fluids flowing in miniaturized systems [3]. 
Microfluidic offers the ability of a system to work with 
smaller sample volumes (micro scale), shorter reaction 
times, and the possibility of parallel operation. Microfluidic 
is expected able to employ different approaches of bacteria 
detection technique including optical measurement method. 
Absorption measurement is the simplest optical detection 
method [4]. Ultraviolet (UV) and visible absorption spec-
troscopy is a well-established technique. Development of a 
portable optical absorbance measurement device can minia-
turize and simplify the bulky and complicated measurement 
machine. Combination of microfluidic device with minia-
turized optical absorbance measurement method is expected 
to produce a complete portable system for bacteria detec-
tion.  
II. METHODOLOGY  
The experiment consists of four parts; microfluidic de-
vice fabrication, optical absorbance measurement device 
development, sample preparation, and coliform bacteria 
number measurement.  
A. Microfluidic Device Fabrication 
The microfluidic device was fabricated using PDMS 
(Sylgard 184 silicon elastomer and curing agent) and glass 
slide. The fabrication process involves with photolithogra-
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phy, soft lithography, and oxygen plasma treatment tech-
niques as shown in Figure 1. Photolithography was per-
formed to fabricate SU-8 master mold with specific micro-
channel design. The mold was then used to pattern the 
PDMS microchannel using replica molding technique (soft 
lithography). Finally, the oxygen plasma treatment was 
performed to create irreversible bonding on the PDMS mi-
cro channel and glass. 
B. Coliform Bacteria Sample Preparation 
 The coliform bacteria suspension was prepared from the 
waste water sample. The waste water sample was streaked 
on chromocult agar and incubated for 24 hours at 37 °C. A 
single coliform bacteria colony from the chromocult agar 
was selected and transferred into nutrient broth medium 
using a sterile wire loop and incubated at 37 °C in the mi-
crobiological incubator. In this study, the sample was pre-
pared with different incubation time as shown in Figure 2.  
 
 
Fig. 1 Process flow of the microfluidic device fabrication 
 
 
 
Fig. 2 Coliform bacteria suspension sample using nutrient broth 
 
C. UV-Visible Spectrophotometer Measurement on 
Coliform Bacteria Sample 
 The absorbance of the coliform bacteria suspension 
sample was analyzed using the UV-Visible spectrophotome-
ter (SHIMADZU, UV-1800). The absorbance measurement 
was performed using the developed PDMS-glass based 
microfluidic device. Absorbance readings were taken hourly 
with optical wavelength between 350 nm and 750 nm (visi-
ble light) for 5 hours incubation time. 
D. Optical Absorbance Measurement Device Development 
 The overall idea of the optical absorbance measurement 
device is based on Beer-Lambert Law [5-6]. The absorbance 
was calculated from the original light intensity (I0) in the 
medium with no sample (base) and the transmitted light 
intensity (I) in the medium with sample as shown in equa-
tion (1).  
 
Absorbance	of	sample = −logଵ଴	 (I/I଴)  (1) 
 
The device consists of optical absorbance measurement 
circuit and mechanical chasing. The optical absorbance 
measurement circuit was constructed with four main parts; 
light source, detector, microcontroller, and data display. The 
light source, detector, and display part are controlled by the 
ARDUINO microcontroller. The light source consists of 
light emitting diode (LED) connected to the digital port of 
the microcontroller via current limiting resistor. The 
OPT101 photo detector was used to detect the light intensity 
and the analog output voltage from the sensor is collected 
by the microcontroller analog port. Then, the display part 
was constructed using the 16x2 liquid crystal display 
(LCD). Each circuit elements were placed at suitable 
position in the mechanical chasing. The mechanical chasing 
was built using mild steels and aluminium. It was developed 
with dark chamber and microfluidic stage. The developed 
device was used for the coliform bacteria absorbance 
(1)
(2)
(3)
(4)
(5)
(6)
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measurement inside the microfludic device. The measure-
ment was performed hourly for 5 hours incubation time. 
E. Coliform Bacteria Number Measurement 
 The coliform bacteria number was measured using 
colony forming unit (CFU) with the aid of the digital colony 
counter device. For high concentrated and uncountable 
sample, dilution step is required in order to determine the 
colony number. Each dilution was made by transferring 1.0 
ml of the sample to 9.0 ml blank broth solution. Then, after 
shaking the solution, 1.0 ml was transferred into agar plate. 
After 24 hours of incubation, the number of coliform bacte-
ria colony on each agar plate was counted using the digital 
colony counter device. The plate should have appropriate 
number of colonies which is in the range of 30-300. The 
counted colony number should be multiplied with the dilu-
tion factor as in equation (2). In this work, the bacteria col-
ony number is presented in CFU/ml unit. 
 
Colony	number = 	 ୡ୭୪୭୬୷	ୡ୭୳୬୲ୣୢ	୶	ୢ୧୪୳୲୧୭୬	୤ୟୡ୲୭୰	୴୭୪୳୫ୣ	୮୪ୟ୲ୣୢ  (2) 
III. RESULT AND DISCUSSION 
With a proper process, the PDMS-glass based microflu-
idic device was fabricated with no leaking at the channel 
wall. The microfluidic device consists of one inlet channel 
and one observation channel as shown in Figure 3. The 
coliform bacteria suspension from contaminated water was 
inserted into the microfluidic device and the coliform bacte-
ria were observed under the light microscope as shown in 
Figure 4 and Figure 5. 
 
 
 
Fig. 3 The PDMS-glass based microfluidic device 
 
 
  
 
Fig. 4 Microscope image (40X magnification) of coliform bacteria suspen-
sion in the microfluidic device 
 
 
 
 
 
Fig. 5 Coliform bacteria size indication from the microscope image 
 
The microscopic image in Figure 4 shows the coliform 
bacteria was successfully injected into the PDMS-glass 
based microchannel. Figure 5 shows the validation of the 
coliform size by the optical microscope analysis. It had been 
reported that coliform bacteria are typically rod-shaped, 
about 2.0 μm to 3.0 µm long, and 0.25 μm to 1.0 μm in 
diameter [7]. The microscopic image in Figure 4.33 shows 
the indicated coliform bacteria were measured at approxi-
mately 2.4 µm and 2.7 μm long.  
The coliform bacteria suspension that had been injected 
into the microfluidic device was measured using the UV-
Visible spectrophotometer for absorbance analysis. The 
optical density of sample is the most often used method in 
determining the density of bacteria and cell in suspension as 
it will apparently absorb light due to scattering. Myers et al. 
(2013) explained that absorbance of the sample measured in 
a spectrophotometer is correlated to either the dry weight or 
the number of cells per volume [8]. Based on this explana-
tion, the UV-Visible spectrophotometer absorbance meas-
urement can be used analyzed the coliform bacteria suspen-
sion within a certain time range. 
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The UV-Visible spectrophotometer measurement result in 
Figure 6 shows increment in the absorbance reading as the 
incubation time increased. From past study, higher absorb-
ance reading indicates higher concentration of bacteria [9]. 
Therefore, the result represents increment of coliform bacte-
ria concentration for every increment of incubation time 
which indicates the bacteria growth. Based on the highest 
absorbance reading at 470 nm, the coliform bacteria growth 
curve was obtained as shown in Figure 7. The growth curve 
demonstrates that the absorbance reading of coliform bacte-
ria in the suspension evolve as a function of time. 
 
 
        
 
 
Fig. 6 UV-Visible spectrophotometer absorbance measurement of coliform 
bacteria suspension in microfluidic device for every 1 hour incubation time 
(wavelength range: 350 nm – 750 nm) 
 
 
 
Fig. 7 Growth curve of coliform bacteria based on UV-Visible spectropho-
tometer readings at 470 nm 
 
At optical wavelength between 350 nm and 470 nm, the 
graphs in Figure 5 show increasing absorbance reading and 
the highest reading was obtained at 470 nm. Then, in the 
wavelength range from 470 nm and 750 nm, the absorbance 
reading starts to decrease and approaching zero. Theoreti-
cally, the absorption characteristics can give indication of 
the bacteria in a suspension based on their possible chromo-
phores [10]. The absorbance measurement at different incu-
bation time show the same plotting pattern which describes 
the coliform bacteria growth did not changed the chromo-
phores and pigmentation elements. 
Based on the UV-Visible spectrophotometer measure-
ment finding, the portable optical absorbance measurement 
device as shown in Figure 8 was developed with 470 nm 
LED as light source. On top of the device, LCD was mount-
ed to display the measurement result to user. Three switch 
buttons were placed near the LCD for operation handling.  
 
Fig. 8 The developed optical absorbance measurement device 
 
 
 
 
Fig. 9 Dark measurement area inside the device chasing 
 
Based on the absorbance measurement concept, the dark 
measurement chamber as shown in Figure 9 was construct-
ed inside the device casing in order to avoid stray light from 
outside. In absorbance measurement, it is important to avoid 
errors caused by stray light from the surrounding 
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[11].During the optical absorbance measurement device 
operation, the light from the LED will penetrate through the 
sample in microfluidic device and fall on top of the optical 
sensor. The coliform bacteria sample will absorb the light 
and transmission of the light will be reduced. Based on 
Beer-Lambert law, it had been explained that atoms or mol-
ecules take up the photon energy during light absorption 
[12]. Therefore, the reduction of the transmitted light is 
exponentially related with the sample concentration. 
In this work, the coliform bacteria suspension that had 
been injected into the microfluidic device was measured 
using the optical absorbance measurement device for coli-
form bacteria detection and analysis. Table 1 shows the base 
voltage, sample voltage, and absorbance value for coliform 
bacteria suspension with different incubation time. The 
absorbance value was calculated by the device program and 
displayed on the LCD for observation. The absorbance 
measurement from the developed device shows zero read-
ings between 1 hour and 4 hours of incubation time. It start-
ed to produce absorbance reading at 5 hours to 7 hours of 
incubation time.  
 
 
Table 1 Voltage and absorbance reading for different incubation time 
 
Incu-
bation 
time 
Voltage (V) 
Absorb-
ance Base 
voltage 
Sample volt-
age 
1 hour 0.04874 0.04874 0.00000 
2 hour 0.04874 0.04874 0.00000 
3 hour 0.04874 0.04874 0.00000 
4 hour 0.04874 0.04874 0.00000 
5 hour 0.04874 0.04786 0.00079 
6 hour 0.04874 0.04854 0.00180 
7 hour 0.04874 0.04844 0.00269 
 
 
Then, with the aid of colony counting method, the rela-
tion between the absorbance reading and the coliform bacte-
ria colony number in CFU/ml unit was analyzed. Table 2 
shows the coliform bacteria colony number in CFU/ml and 
absorbance reading for different incubation time. Then, 
Figure 10 shows the correlation graph for the absorbance 
measurement and coliform bacteria colony number in 
CFU/ml. The results show that the device had produced 
significant absorbance reading and detect the presence of 
coliform bacteria for 17,200 CFU/ml and above. Bacteria 
colony number in CFU/ml is very useful to indicate the 
number of viable microorganisms in a sample. Colony 
number information of bacteria was also useful for disease 
prevention and environmental monitoring (water and food 
safety). It had been discovered that colony number determi-
nation is important in assessing bacterial vaccines. In 2005, 
Putman et al. had used the colony forming unit indication to 
evaluate the response of the pneumococcal vaccines [13]. 
Colony number indication also had been applied for investi-
gating failing septic system caused by fecal coliform bacte-
ria [14]. From the colony number indication, an accurate 
antibiotic resistance analysis to solve the environmental 
problem was successfully demonstrated. 
 
 
Table 2 Absorbance reading and coliform bacteria colony number for 
different incubation time 
 
Incubation 
time 
Absorb-
ance 
Colony 
number 
(CFU/ml) 
1 hour 0.00000 134 
2 hour 0.00000 930 
3 hour 0.00000 2,300 
4 hour 0.00000 9,800 
5 hour 0.00079 17,200 
6 hour 0.00180 27,600 
7 hour 0.00269 53,000 
 
 
 
 
 
Fig. 10 Absorbance versus coliform bacteria colony number graph based 
on the data in Table 2 
 
The measurement from the developed optical absorbance 
measurement device shows high detection limit of 17,200 
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CFU/ml of coliform bacteria number. There are two major 
factors that could affect the performance of the device. The 
first factor is the properties of the LED that being used in 
the device. Compared to the laser light, LED suffered from 
incoherent and divergence light properties. LED generates 
incoherent light as the result of random movement of pho-
tons in different directions which generating random light 
frequencies [15]. It also had been discovered that LED is 
not capable in providing one point source of light due to its 
high divergence degree [16]. Collimating lens and optical 
mirror could be used to narrow down the divergence degree 
of the LED light. The second factor is the colour changes in 
the suspension sample. The nutrient broth medium was 
observed to only produce turbidity changes in the suspen-
sion as indication of different bacteria concentration. Low 
concentration of coliform bacteria produced low turbidity 
changes which is difficult to be differentiated by the optical 
sensor. Medium or solution that can produce more signifi-
cant colour changes is believed able to produce better ab-
sorbance reading for coliform bacteria detection. 
IV. CONCLUSION 
From this work, the PDMS-glass based microfluidic de-
vice was successfully fabricated for low sample volume of 
coliform bacteria suspension. Then, the absorbance meas-
urement using UV-Visible spectrophotometer had indicated 
a suitable optical wavelength of 470 nm for coliform bacte-
ria indication which leads to successful development of the 
portable optical absorbance measurement device. The ab-
sorbance measurement from the developed device was able 
to detect the presence of coliform bacteria starting at 17,200 
CFU/ml. Even though the detection limit of the device is 
high, the measurement readings are still beneficial for coli-
form bacteria detection and analysis. Future improvement 
could be done for better quality and performance. 
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